Introduction: Both inflammation and oxidative stress (OS) stimulate each other and act together in providing defense against recurrent vulvovaginal infections (RVVI). Both processes are in such a tight link, that defect in one may lead to defect in other; therefore, recognition and treatment of primary anomaly are of great clinical importance.
Introduction
The human vaginal microbiome is normally populated by many potentially dangerous bacterial and fungal species, overgrowth of which can lead to vulvovaginal infections (VVI) (Li et al., 2012a) . The common VVI includes bacterial vaginosis (BV), vulvovaginal candidiasis (VVC), and trichomoniasis (Mulu et al., 2015) . However, the repeated occurrences of common VVI, referred as recurrent VVI (RVVI), are the researcher's main issue (Powell & Nyirjesy, 2014 ). An abnormal vaginal discharge is the characteristic and commonly complained symptom of RVVI (Workowski & Bolan, 2015) . National Family Health Survey 2 reported 30 percent prevalence of vaginal discharge in India with 29.9% prevalence in Delhi (National Family Health Survey 2 (NFHS 2) 1998 -99, India, 1999 . Adverse pregnancy-related complications and advance co-morbid conditions are the serious outcomes of untreated RVVI (Atashili et al., 2008; Durugbo et al., 2015; Rose et al., 2017) . Uncontrolled diabetes, unchecked use of antibiotics, black race, poor personal hygiene, use of birth control options, hormonal imbalance, sexual activity, and immunosuppression are the other suggested predisposing factors of RVVI (Gonçalves et al., 2016) . However, women without any known predisposing factors have been documented to acquire RVVI, suggesting a fine interplay between host defense system and vaginal microbiota that determines the disease outcome (Bradford et al., 2013) . Therefore, to get an accurate definition of vaginal health and infections, exploration of host defense system active in the removal of RVVI pathogens is necessary.
Inflammation is a fine mechanism of host immune system that is meant to eliminate pathogens. This process involves pattern recognition receptors (PRRs) activation by pathogen-associated molecular patterns (PAMPs) that further induce downstream signaling pathways and subsequent release of inflammatory immune mediators, with the aim of pathogens killing by effector phagocytic cells (Medzhitov, 2008) . All these inflammatory stages generate reactive oxidants as an essential part of defense mechanism, leading to a state of oxidative stress (Lugrin et al., 2014) . Oxidative stress is a disproportionate state, generated due to an excess of oxidants production than anti-oxidants, with considerable biological consequences and thus contributes to the pathophysiology of disease. The first class of reactive oxidants includes reactive oxygen species (ROS), generated by the action of enzyme nicotinamide adenine dinucleotide phosphate (NADPH) oxidase (NOX) and include superoxide anion radical (O 2 .-), hydrogen peroxide (H 2 O 2 ), and the hydroxyl radical (OH . ) (Jomova et al., 2010) . The second class of reactive oxidants includes reactive nitrogen species (RNS), generated by the action of enzyme NO synthase (NOS) and include nitrogen oxide free radical (NO . ), the parent molecule of all RNS (Pacher et al., 2007) . The NOS exist in three different isoforms, in which neuronal NOS (nNOS) and endothelial NOS (eNOS) express constitutively, while inducible NOS (iNOS) express only upon stimulation by pathogen, PAMPs. and by pro-inflammatory cytokines (Förster-mann & Sessa, 2011) .
Human mannose-binding lectin (MBL) and dendritic cell-associated C-type lectin-1 (Dectin-1) are the two prototypical PRRs of innate immunity, whose direct role in defense against RVVI pathogens has been defined (Ip & Lau, 2004; Pellis et al., 2005; Ferwerda et al., 2009; Li et al., 2012b) . Moreover, our studies along with others have suggested the involvement of these PRRs in determining RVVI susceptibility (Ferwerda et al., 2009; Babula et al., 2003; Liu et al., 2006; Milanese et al., 2008; Henić et al., 2010; Ghazanfari et al., 2017; Kalia et al., 2017 Kalia et al., , 2018 Kalia et al., , 2019a Kalia et al., , 2019b . In addition, both MBL and Dectin-1 have been shown to mediate ROS release as a part of defense mechanism against pathogens (Li et al., 2012b; Underhill et al., 2005; Kalia et al., 2016; Lima-Junior et al., 2017) . These oxidants further lead to PRRs activation that subsequently results in both oxidative and nitroxidative stress after multiple rounds of magnification, which ultimately leads to chronic inflammatory response (Lucas & Maes, 2013) . The pathological increase of ROS generation has been recognized in RVVI that plays an important role in maintaining low burden of infection (Babula et al., 2005; Malla et al., 2004; Yadav et al., 2006; de Souza Bonfim-Mendonça P, Ratti BA, Godoy JD, 2014; Chen et al., 2015) .
From this background, we sought to investigate the relationship between PRRs and oxidative stress parameters along with their dependency on system factors in modulating susceptibility to RVVI, making the present study first approach towards it.
Material and methods

Participants
Two hundred and fifty eight pre-diagnosed RVVI (mean age ± SD, 29.33 ± 8.32 years) cases, with minimum 4 documented recurrent experiences in a year, as per recommendation by gynecologist, were recruited from Department of Obstetrics and Gynaecology, Bebe Nanki Mother and Child Care Centre, Government Medical College, Amritsar (Pb). These cases complained of having frequent symptoms like itching, burning, pelvic pain, vaginal fishy smell, and discharge. Two hundred and three age-matched healthy women (mean age ± SD, 29.33 ± 8.17 years) without any recurrent vaginal infection complaints were used as controls. Participants with HIV infections or any other chronic conditions, under chemotherapy and using immunosuppressive medications were excluded from the study.
Clinical samples and RVVI categories
Serum was separated from the peripheral blood that was collected from RVVI cases (n = 258) as well as healthy controls (n = 203). For this, the blood samples collected in the plain vials were incubated at 37 o C and centrifuged (REMI, India) at 600×g for 30 min. Serum was obtained as transparent pale shiny supernatant that was transferred to fresh vials. From this, the further aliquots were prepared and stored at − 80°C (Skadi® Green Line, Saudi Arabia), pending further use. Vaginal discharge samples from RVVI cases (n = 200) were processed on the basis of standard diagnostics methods specified in European (IUSTI/WHO) guidelines on vaginal discharge management (Sherrard et al., 2011) . These details have been reported previously, which categorized these RVVI cases into three main groups, i.e., bacterial vaginosis (BV; n = 97), Vulvovaginal candidiasis (VVC; n = 62), and mixed infections (MI; n = 41), i.e., cases with both BV and VVC (Kalia et al., 2015) . However, 58 RVVI cases could not be processed for RVVI categories, as some participants were menstruating and others were not willing to give vaginal samples.
Confounding parameters
The confounding parameters include participant's age, age of initiation of sexual activity, duration of infection, and random capillary blood glucose (RCBG) ( Table 1) . Of these variables, RCBG for each participant was determined using glucometer (Glucosign, South Korea) according to the manufacturer's instructions (Somannavar et al., 2009; Shewade et al., 2017) . The information regarding the rest of the continuous variables was obtained from proforma filled for each participant during sampling. The proforma also included details regarding obstetric history, menstrual history, and clinical characteristics; however, the information regarding this has already been reported previously (Kalia et al., 2017 (Kalia et al., , 2018 (Kalia et al., , 2015 .
Total antioxidant capacity
Serum TAC (sTAC) was measured using a method developed by Erel (Erel, 2004) with slight modifications using the microplate method (Gupta et al., 2009) . The theory involves the reduction of blue-green colored complex 2,2′-azinobis (3-ethylbenzothiazoline-6-sulfonate) cations (ABTS + ) to its original colorless reduced form (ABTS). This occurs in the presence of any matter that can be oxidized, e.g., anti-oxidants. Hence, the rate of reduction is directly proportional to the amount of anti-oxidants in samples.
Briefly, 5 μl of each serum sample was added in triplicates to the wells of the flat bottom microplate (Tarson, India), along with blank and standard. Then, 200 μl of reagent I was added to each well and absorbance was taken at 655 nm on a microplate reader (BIO-RAD, iMark™, USA). Afterward, 20 μl of reagent II was added to wells and incubated at 37°C for 5 min before taking absorbance. Final absorbance was read at 655 nm. The difference in absorbance at 655 nm was used for calculating TAC. Phosphatebuffered saline (PBS) (0.01 M, pH7.2) was used as blank. The assay was calibrated using Trolox as standard. The standard curve was obtained from different concentration of Trolox (0.25, 0.50, 0.75 , and 1.00 mmol Trolox equivalent/L), and the results were expressed in millimoles Trolox equivalent per liter (mmol Trolox equiv/L).
Total oxidant status
Serum TOS (sTOS) was measured using a method developed by Erel (Erel, 2005) with slight modifications using the microplate method (Gupta et al., 2009) . The theory involves the oxidation of ferrous ion (Fe 2+ ) to its oxidized form ferric ion (Fe 3+ ). The ferric ions react with xylenol orange to form colored complex. This occurs in the presence of any matter that can be reduced, e.g., various oxidant species. Thus, the rate of oxidation is directly proportional to the amount of oxidants present in the samples and hence color production.
Briefly, 35 μl of each serum sample was added in triplicates to the wells of the flat bottom microplate (Tarson, India), along with blank and standard. Then, 225 μl of reagent I was added to each well and absorbance was taken at 595 nm on microplate reader (BIO-RAD, iMark™, USA). Afterward, 11 μl of reagent II was added to wells and incubated at 37°C for 5 min before taking absorbance. Final absorbance was read at 595 nm. The difference in the absorbance at 595 nm was used for calculating TOS. PBS (0.01 M, pH7.2) was used as blank. The assay was calibrated using H 2 O 2 as standard. The standard curve was obtained from different concentration of H 2 O 2 (25, 50, 75, 100, 125, 150, 175, and 200 μmol H 2 O 2 equivalent/L), and the results were expressed in terms of micromole H 2 O 2 equivalent per liter (μmol H 2 O 2 Equiv/L).
Oxidative stress index
Serum oxidative stress index (sOSI) was calculated by ratio of TOS to TAC (Aycicek et al., 2005; Harma et al., 2005) , i.e.,
MBL and Dectin-1
Enzyme-linked immunosorbent assay (ELISA) was used, for the quantification of serum MBL (sMBL) and serum Dectin-1 (sDectin-1 levels), using commercially (Kalia et al., 2017 (Kalia et al., , 2018 .
Statistical analysis
Variables were expressed as mean ± SD. One-way analyses of variance (ANOVA) followed by Tukey's multiple comparison post-test were performed to compare serum biomarkers within group consisting of more than two categories. The correlation of serum biomarkers with cofounding parameters was checked by Pearson's correlation test. Multiple linear regression (MLR) analyses were also accounted and applied as mentioned in the equation given below:
Where y = dependent variable, x 1, x 2... x n = independent variables, a = y-intercept b 1 = unstandardized regression coefficient for x 1 on y eliminating effect of x 2 and x n b 2 = unstandardized regression coefficient for x 2 on y eliminating effect of x 1 and x n b n = unstandardized regression coefficient for x n on y eliminating effect of x 1 and x 2 Along with standardized beta-regression coefficients (β) that explained the relative effects of independent variables on dependent variable and their statistical significance. All the statistical analyses were carried out by the statistical package for social sciences (SPSS) v 16.0 (SPSS Inc., Chicago, IL). p values ≤ 0.05 were considered significant.
Results
Total antioxidant capacity sTAC were quantitatively estimated and compared between different categories of cases and controls, using linear regression equation, y = − 0.140x + 0.422, R 2 = 0.816 obtained from Trolox standard curve. This standard curve was prepared using different concentrations of Trolox, followed by plotting their concentrations on x-axis and their respective absorbance on y-axis (Fig.  1a) . The sTAC in cases and controls have been presented using dot plot in Fig. 1b . RVVI (0.711 ± 0.4415 mmol Trolox Equiv/L) and its subtypes BV (0.592 ± 0.338 mmol Trolox Equiv/L), VVC (0.881 ± 0.542 mmol Trolox Equiv/L) and MI (0.695 ± 0.548 mmol Trolox Equiv/L) showed low level of sTAC as compared to controls (0.914 ± 0.588 mmol Trolox Equiv/L). However, this difference was significant only for RVVI and BV as compared to controls at p = 0.000. Also, significantly low sTAC were observed in BV as compared to VVC at p = 0.003.
Total oxidant status
sTOS were quantitatively estimated and compared between different categories of cases and controls, using linear regression equation, y = 0.008x + 0.099 with R 2 = 0.968 obtained from H 2 O 2 standard curve. This standard curve was prepared using different concentrations of standard H 2 O 2 , followed by plotting their concentrations on x-axis and their respective absorbance on y-axis (Fig. 2a) . The sTOS in cases and controls are presented using dot plot in Fig. 2b Oxidative stress index sOSI was assessed in cases and controls by calculating ratio of TOS to TAC of each category. The sOSI of RVVI (0.0200 ± 0.0027), BV (0.0239 ± 0.0093), VVC (0.0139 ± 0.0024), MI (0.0238 ± 0.0147), and controls (0.0224 ± 0.0063) are presented using dot plot in Fig. 3 . Significant low sOSI was observed in RVVI (p = 0.001) and VVC (p = 0.000) as compared to controls. Significant low sOSI were observed in VVC as compared to RVVI (p = 0.000), BV (p = 0.000), and MI (p = 0.000). However, high sOSI were observed in BV (p = 0.000) and MI (p = 0.006) as compared to RVVI.
MBL and Dectin-1
The distribution of sMBL and sDectin-1 levels in RVVI, RVVI types, and healthy controls have been reported previously (Kalia et al., 2017 (Kalia et al., , 2018 . RVVI (793.4 ± 539.3 ng/ml) and its subtypes BV (744.1 ± 481.5 ng/ml), VVC (595.9 ± 499.74 ng/ml), and MI (842.4 ± 556.14 ng/ml) showed significantly low level of sMBL as compared to controls (1128.4 ± 518.00 ng/ml). RVVI (0.408 ± 0.185 ng/ml) and its subtypes BV (0.343 ± 0.151 ng/ml), VVC (0.412 ± 0.183 ng/ml), and MI (0.353 ± 0.144 ng/ml) showed significantly high level of sDectin-1 as compared to controls (0.170 ± 0.096 ng/ml).
Correlation
Pearson's correlation analysis of serum biomarkers was assessed in RVVI, RVVI types, and controls (Table 2) . In RVVI, a significant negative correlation was found between pairs including sMBL/sTAC and sOSI/sTAC. In addition, significant positive correlations were found between pairs including sDectin-1/sTAC, sTOS/sTAC, and sOSI/sTOS. In BV, significant positive correlations were found between pairs sDectin-1/sTAC and sTOS/sOSI while, significant negative correlation was found between sTAC and sOSI. In VVC, significant positive correlations were found between pairs sDectin-1/sTAC and sTOS/ sOSI while, significant negative correlations were found between pairs including sDectin-1/sOSI and sTAC/sOSI. In MI, significant positive correlation was found between sTAC and sTOS while, significant negative correlations were found between pairs including sMBL/sTOS and sTAC/sOSI. In controls, significant positive correlations were found between pairs sMBL/sTOS, sMBL/sOSI, and sTOS/sOSI while, significant negative correlations were found between pairs including sDectin-1/sTAC, sTAC/ sTOS, and sTAC/sOSI.
Pearson's correlation analysis of serum biomarkers with confounding parameters was assessed in RVVI, RVVI types, and controls (Table 3 ). In RVVI, sMBL exhibited significant positive correlation with age at which sexual activity was initiated. Also, sTAC exhibited significant negative correlation with age, RCBG, and age of initiation of sexual activity. No significant correlations of confounding parameters were found with sDectin-1, sTOS, and sOSI. In BV sMBL, sDectin-1 and sTAC were found to be significantly associated with age at which sexual activity was initiated. Also, significant positive correlation of sDectin-1 and sOSI was found with RCBG and duration of infection respectively. In VVC, sMBL exhibit significant positive correlation with duration of infection. sDectin-1 was found to be significantly negatively correlated with age, RCBG, and age of initiation of sexual activity. sTAC exhibit significant negative correlation with age of initiation of sexual activity. sTOS exhibit significant positive correlation with age and RCBG. In MI, sMBL and sTOS were found to be significantly associated with age of initiation of sexual activity and duration of infection. Also, sOSI was found to be negatively correlated with age of initiation of sexual activity. In controls, only positive correlation was found between 
Regression
In order to assess the confounding effects of factors, multiple linear regression analysis was performed. First model, where one of the serum biomarkers was taken as dependent variable and the rest other variables were taken as independent variables (Table 4 ). It was found that all these factors were independent significant predictors of each other in all the categories when serum oxidative stress markers were taken as dependent variables. However, all these factors were independent significant predictors of sMBL only in controls and of sDectin-1 in RVVI, VVC, and controls. In the second model sMBL, sDectin-1, sTAC, sTOS, and sOSI were the dependent variables and parameters including age, RCBG, age of initiation of sexual activity, and duration of infection were taken as independent factors (Table 5 ).
It was found that all these factors were independent significant predictors of sTAC in RVVI, sMBL, and sTAC in BV as well as MI and sMBL and sDectin-1 in VVC. However, these factors do not show significant regression on serum biomarkers in controls.
Discussion
Reactive oxidants have been suggested to be involved in various defense mechanisms against pathogens, leading to the state of oxidative stress, with significant biological consequences (Lugrin et al., 2014) . Different studies have documented high ROS production by neutrophils in response to BV-associated bacteria, C. albicans, and T. vaginalis infection and suggested to play an important role in maintaining low burden of infection (Li et al., 2012b;  de Souza Bonfim-Mendonça P, Ratti BA, Godoy JD, 2014; Frasson et al., 2012; Svobodová et al., 2012; Johnson et al., 2017) . To assess the status of oxidative stress by studying all oxidants/anti-oxidants parameters is tedious, time-consuming, and uneconomical. In addition, it is not relevant to investigate various antioxidants, looking one in isolation from the rest, because they can have synergistic or antagonistic effects and may not be the most effective strategy when trying to predict an individual's risk of developing disease. For these reasons, recent studies have used measures of TAC, TOS, and OSI (Erel, 2004; Erel, 2005) . These methods can provide information on an individual's overall oxidant and anti-oxidants status and thus investigated in the present study in relation to risk of RVVI and its types. Both TAC and TOS were found to be significantly low in RVVI cases and its types comparative to controls. An assumption that an increased TOS reflects increased production of ROS is rather questionable. Most ROS produced by neutrophils and macrophages either react with target proteins or are neutralized by anti-oxidants. A separate evaluation of our results for TOS and TAC, showed that apparently these cases did not experience oxidative stress (OS), as the level of both TAC and TOS was low in cases than controls. Therefore, it is important to evaluate not only the concentrations of oxidants and anti-oxidants separately, but also their relationship through a proportion or ratio, because it is the imbalance between oxidants and anti-oxidants that defines the concept of OS (Gupta et al., 2016) . The first approach using this ratio was made in human medicine by Sharma et al. (Sharma et al., 1999) . The study proposed the use of the ratio oxidants/anti-oxidants as an index indicative of an individual's risk of developing disease. Thus, an increase in the ratio indicates risk of OS because of the increase in ROS production, while decrease in ratio represents the increased antioxidant potential, the socalled anti-oxidative stress (AOS) (Birben et al., 2012; Poljsak & Milisav, 2012) . The term "AOS" was used for the first time by Dundar and Aslan for the negative effects of anti-oxidants (Dundar & Aslan, 2000) . Thus, in the present study, oxidative status was studied by a combined evaluation of oxidants and anti-oxidants. OSI, that reflects total oxidant/antioxidant balance, was found to be significantly low in RVVI and VVC as compared to controls, indicating reduced ROS production as a possible risk factor for the rapid progression of RVVI. In consonance to these findings, studies have reported reduced concentrations of NO metabolites and iNOS expression in vaginal fluids of RVVC and TV cases relative to controls and T. vaginalis infected asymptomatic women respectively (Babula et al., 2005; Malla et al., 2004; Yadav et al., 2006) . However, the findings of the present study are contradictory to a study that found no significant difference in ROS concentration in the amniotic fluid of women with and without BV (Bogavac et al., 2012) and to the study where significantly high concentration of ROS was found in the vaginal discharge of BV patients, relative to healthy women depicting their active role in defense mechanism (Chen et al., 2015) . However, all these studies do not represent the total status of oxidants or anti-oxidants in serum of patients, since these studies were focused on one or two oxidants or anti-oxidants and thus, showed changes only in few oxidative markers, that too in different biological fluids, i.e., vaginal discharge and amniotic fluid. To date, there are no studies that showed an association of TAC, TOS, and OSI in RVVI and its types in serum or in any other biological fluids. Also, correlation and regression analysis showed an obvious and expected relationship between different parameters of oxidative stress in the present study, i.e., positive association between pairs including TAC/TOS and TOS/OSI while negative association between TAC/OSI (Birben et al., 2012; Reiter, 1995; Halliwell, 1996) . The reduced ROS production observed in cases of the present study is may be due to defective inflammatory response. This is because both OS and different inflammatory stages stimulate each other as a part of defense mechanism for the ultimate killing of pathogens by effectors cells (Lugrin et al., 2014; Pacher et al., 2007) . In fact, both MBL and Dectin-1, the two important PRRs, have been shown to mediate the release of ROS as a part of immune responses generated against pathogens (Underhill et al., 2005; Lima-Junior et al., 2017; Hartshorn et al., 1993; Kawasaki et al., 2000; Gantner et al., 2003; Gadjeva et al., 2004) . Additionally, a study has shown, increased intracellular expression of Dectin-1 and consequent ROS production as a result of MBLarbitrated opsonophagocytosis of pathogens, showing the coupling between two CLRs for optimal ROS generation in response to pathogens (Li et al., 2012b) . However, in the present study, low levels of both sMBL and oxidative stress biomarkers, while high levels of sDectin-1 were observed in RVVI and its types relative to controls, suggesting the defective collaboration between these PRRs for optimal ROS production, perhaps due to low sMBL levels. Also, significant but unexpected weak correlations and regression pattern were observed between different measures of OS and two PRRs of the present study, suggesting the probable contribution of other host genes, defect in which may collectively be conferring risk of RVVI. The other reason for low OS observed in cases or unexpected correlation pattern might be the evasion strategies employed by pathogens. As for instance, Candida has strategies to neutralize and evade the oxidative stress by expressing superoxide dismutase (SODs) and other antioxidant enzymes on the cell surface. These extracellular SODs also have vital role in the detoxification of superoxide radicals generated by phagocytes; and hence prevent massive ROS accumulation (Frohner et al., 2009; Wellington et al., 2009 ). In addition, C. albicans catalase and vacuole (fungal organelle) formation has been suggested to counteract the oxidative stress (Palmer et al., 2005; Palmer, 2011) . Also, co-culturing of macrophages with C. albicans cells lacking Sod4 and Sod5 has shown to lead to massive extracellular ROS accumulation in vitro (Frohner et al., 2009) . Thus, the analysis of the present study suggested reduced sMBL and oxidative stress measures along with high sDectin-1 levels, as a potential disease specifier for RVVI and its types. Moreover, sTAC was found to be negatively correlated with age and age of initiation of sexual activity in RVVI, BV, and VVC cases. Further indicating that, increase in age and age of initiation of sexual activity cause decrease in antioxidant strength in these cases. Also, TOS was found to be increased with age in VVC and decreased with age of initiation of sexual activity in MI. This finding of the present study is in agreement with the study that suggested increase in oxidative stress is age-related (Rowiński et al., 2013) and in contrast to the study where with increase in age, TOS, and TAC level decreased (Aslan et al., 2014) . Further, different studies have evaluated the production of catalase, peroxide oxidase, tocopherol, some antioxidant vitamins, lipid peroxidation, protein, and DNA oxidation and found contradictory associations of these factors with age (Finkel & Holbrook, 2000; Tanabe et al., 2002; MutluTürkoğlu et al., 2003; Huang & Appel, 2003) . In addition, a study showed no significant correlation of TAC with age of women (Kostka et al., 1998) . Thus, there are no consistent perspectives about ageassociated change in antioxidant capacity, which may perhaps be due to the use of different measurement methods by different studies. Furthermore, sOSI was found to be significantly increased with duration of infection in BV, suggesting the constant generation of ROS, as a part of controlled inflammatory reaction against infections. Furthermore, in the present study, sMBL was found to be positively correlated with age of initiation of sexual activity in RVVI and its types, while sDectin-1 showed negative significant correlation with the same in BV and VVC. Also the contradictory association of sDectin-1 was found with RCBG in BV and VVC. No significant correlation between sMBL and sDectin-1 was found with age. However, previous studies have showed negative correlation of sMBL with age that noticeably decreases after 40 years of age in healthy individuals, while no such association of sDectin-1 is reported till date Vasconcelos & Fonseca, 2011) . To further complement these findings, the regression analysis also suggested the dependency of all the studied serum biomarkers on variables, i.e., age, RCBG, age of initiation of sexual activity, and duration of infection. This further suggests the importance to take into account the dependency of serum biomarkers on exogenous factors before considering these parameters as potential risk markers of RVVI.
Conclusion
In conclusion, both inflammation and oxidative stress stimulate each other and act together in providing defense against RVVI. Both processes are in such a tight link, that defect in one may lead to defect in other, contributing to the pathogenesis of RVVI. Therefore, recognition and treatment of primary anomaly is of great clinical importance to restore host homeostasis. As for instance, the primary source of defect identified in the present study is MBL, whose low expression leads to the defective collaboration between two studied PRRs further leading to defective ROS production with no observed protective oxidative stress, increasing susceptibility to RVVI. Therefore, substituting the required MBL in representative sample of Indian population may restore host homeostasis and provide recovery from RVVI, suggesting the recombinant MBL therapy as a novel therapeutic approach for RVVI (Keizer et al., 2014) . However, before considering these parameters as potential risk markers of RVVI, information regarding their dependency on system factors is necessary. Such studies in larger datasets are needed to validate the medicinal possibilities of MBL for RVVI in different populations.
